We undertook a study of tumour infiltrating lymphocytes (TILs) in a large and relatively homogeneous group of patients with completely resected esophageal squamous cell carcinoma (ESCC). Hematoxylin and eosin-stained sections of 235 ESCC tumours were evaluated for density of TILs in intratumoural (iTIL) and stromal compartments (sTIL). Foxp3+, CD4+, and CD8+ T cells in tumoural and stromal areas were evaluated by immunohistochemistry. Of the 235 tumours, high sTIL (>10%), and iTIL (>10%) were observed in 101 (43.0%) and 98 (41.7%), respectively. The median follow-up period was 36.0 months (95% CI 29.929-42.071). Univariate analysis revealed that sTIL (>10%), iTIL (>20%), vessels involvement, lymph node metastasis, and clinical stage were significantly associated with postoperative outcome. In multivariate analysis, high sTIL (HR: 0.664, P = 0.019 for Disease free survival; HR: 0.608, P = 0.005 for Overall survival) was identified as independent better prognostic factor. Further analysis, sTIL was identified as independently prognostic factor in Stage III-IVa disease, which was not found in Stage I-II disease. Our study demonstrated that sTIL was associated with better ESCC patients' survival, especially in Stage III-IVa disease. Assessment of sTIL could be useful to discriminate biological behavior for ESCC patients.
Scientific RepoRts | 7:44823 | DOI: 10.1038/srep44823 infiltration of CD4+ , CD8+ , Foxp3+ T cells, there are also conflicting results. For example, some studies showed an association between increased numbers of CD8+ T cells and longer survival 10, 15, 16 , while others showed an association with shorter survival 17, 18 . A few initial studies examined prognostic implications of TILs found in ESCC. Schumacher et al. suggested the presence of TILs was associated with improved survival in a cohort of ESCC patients (n = 33) 19 . Yoshioka et al. found TILs were not associated with improved long-term survival, however 20 . Therefore, the prognostic value of TILs in ESCC remains to be established and the composition of TILs density in ESCC are yet to be assessed.
We undertook a study of TILs in a large and relatively homogeneous group of patients with completely resected ESCC to better determine correlations with clinical prognostic variables and to evaluate the overall impact of specific TILs populations on patient outcomes.
Results
Study patients. A total of 235 patients were included in the study. The median age at the time of surgery was 62 years (range, 37-83 years) and was predominately male (83.8%). Of all patients, 57.0% were non-smokers and 42.6% were smokers. On the basis of the AJCC Staging Manual (seventh edition), 4 (1.7%) cases were histologically graded as well differentiated, 133 (56.6%) cases moderately differentiated, and 98 (41.7%) poorly differentiated. Vessel and nerve invasion (once present with no matter of the quantification) were identified in 46 (19.6%) and 69 (29.4%) tumours, respectively. Lymph node metastasis was identified in 124 (52.8%) patients. Among these patients, 136 (57.9%) patients had AJCC pathologic stage I-II disease, and 99 (42.1%) stage IIIIVa disease, which were located in the upper esophagus (5.1%), middle esophagus (47.7%) or lower esophagus (43.4%) ( Table 1) .
The relationship of TILs and clinicopathological characteristics.
Representative TILs staining is shown in Fig. 1 . Of the 235 tumours, high sTIL (> 10%), iTIL (> 10%) and iTIL (> 20%) were observed in 101 (43.0%), 98 (41.7%), and 23 (9.8%) respectively. The relationship of patient and tumour characteristics to TILs involvement is presented in Table 1 . High sTIL (> 10%) density was associated with tumour site (P = 0.026), and high iTIL (> 10%) was observed in tumours with poorer differentiation (P = 0.024 correlation was observed with sex, age, vessel and nerve involvement, lymph node metastasis, clinical stage, or smoking behavior ( Table 1) . The median number of CD4+ sTIL and iTIL was 2% and 1%, respectively. The median number of CD8+ sTIL and iTIL was 5%, the median number of Foxp3+ sTIL and iTIL also was 5%. Among high sTIL (> 10%) cases, 16 (15.8%) were high CD4+ sTIL (> 10%), 58 (57.4%) were high CD8+ sTIL (> 10%), and 3 (3.0%) were high Foxp3+ sTIL (> 10%). Among high iTIL (> 10%) cases, no cases were comprised of high CD4+ iTIL (> 10%), 58 (59.2%) were high CD8+ iTIL (> 10%), and 5 (5.1%) were high Foxp3+ iTIL (> 10%). Both sTIL and iTIL were statistically associated with CD8+ cells (P < 0.05).
Prognostic significance of TILs. The median follow-up period was 36.0 months (95% CI 29.929-42.071).
There were 142 (60.4%) instances of tumour progression documented. Median DFS was 24.0 months. A total of 139 patients (59.1%) died of ESCC during the follow up, and median OS was 32.0 months.
To clarify whether TILs could have a prognostic value, univariate and multivariate survival analyses were performed in all cases. Our univariate analysis revealed that sTIL (> 10%), iTIL (> 20%), vessel involvement, lymph node metastasis and clinical stage were significantly associated with postoperative outcome as described in Table 2 .
In the multivariate analysis, high sTIL (HR: 0.664, P = 0.019 for DFS; HR: 0.608, P = 0.005 for OS) was identified as independent better prognostic factor, and lymph node metastasis (HR: 1.950, P = 0.010 for DFS; HR: 2.118, P = 0.004 for OS) and clinical stage (HR: 2.040, P = 0.004 for DFS; HR: 2.119, P = 0.002 for OS) were identified as independent worse prognostic factors as shown in Table 2 .
Representative Kaplan-Meier survival curves according to these factors are shown in Fig. 2 . Among 101 patients with high sTIL (> 10%), a significantly better prognosis was observed, with a median DFS and OS of 29.0 and 42.0 months compared to 24.0 and 30.0 months for 134 patients with low sTIL (≤ 10%) (P = 0.076 and 0.033).
Survival analyses based on clinical stage.
In patients with Stage III-IVa disease, sTIL (> 10%) was associated with improved DFS (P = 0.023) and OS (P = 0.005) (Fig. 2) . Among 44 patients with high sTIL (> 10%), a significantly better prognosis was observed, with a median DFS and OS of 20.0 and 26.0 months compared to 13.0 and 21.0 months for 55 patients with low sTIL (≤ 10%). Upon univariate analysis, sTIL, iTIL (> 20%), sCD8 
Figure 2. Kaplan-Meier curves of DFS and OS revealing prognostic significance of TILs in ESCC.
Among 235 patients, a significantly better prognosis was observed in patients with high sTIL (> 10%) (P = 0.076 and 0.033) (A and B). In patients with Stage I-II ESCC, sTIL (> 10%) was not associated with DFS (P = 0.307) and OS (P = 0.182) (C and D). In patients with Stage III-IVa disease, sTIL (> 10%) was associated with improved DFS (P = 0.023) and OS (P = 0.005) (E and F).
(> 10%) and site were associated with DFS and OS, and on multivariate analysis, sTIL and site were identified as independently prognostic factor (Table 3 ).
In patients with Stage I-II ESCC, sTIL (> 10%) was not associated with DFS (P = 0.307) and OS (P = 0.182) (Fig. 2) . Upon univariate and multivariate analysis, lymph node metastasis and site were associated with DFS and OS (Table 4) .
Discussion
The aim of our study was to examine the prognostic relevance of TILs involvement in patients with ESCC. We found sTIL appears to have a superior prognostic impact when compared with iTIL, which is previously reported in other tumours 21, 22 . In this study, we confirmed that sTIL constitutes a robust and independent prognostic marker in ESCC, with increasing sTIL predictive of a significantly lower risk of recurrence or metastasis, and overall mortality. At a median follow-up of 36.0 months, sTIL was associated with OS, with an estimated HR of 0.697 (P = 0.037). Importantly, the prognostic significance of sTIL was independent of known prognostic factors, and in our population of I-II stage and III-IVa stage diseases, it improved outcome prediction even more significantly when clinical stage was taken into account.
Given the increasing evidence of the importance of TILs in influencing prognosis of patients with tumours, the International TILS Working Group recently published a guideline to standardize TILs evaluation 23 . The working group states that evaluating sTIL as a continuous variable will allow for more accurate statistical analysis, but in practice, most pathologists will not report specific values. Simplicity is needed for a pathological methodology to be accepted widely. Typically, TILs are reported to the nearest 10-15% 23 . And some studies recommended TILs should be defined as > 50% TILs 24 . Our work suggests that evaluating sTIL as a noncontinuous variable can be considered. In the study, we used a cutoff value of 10% to define low and high TILs. Statistical analyses could not be performed using a cut-off of 50% as few patients had TILs percentages this high. At the median follow-up period of 36 months, OS analysis (log-rank) showed sTIL to be prognostically significant. This is consistent with work from Hida and Ohi 25 , who recently published a letter to the editor commenting that the methodology proposed by the TILs working group is too detailed for routine use. They proposed a simpler method whereby they quantified TILs as low, intermediate, or high using 10, 10 to 50% or more than 50%. In a series of 164 consecutive triple-negative breast cancer specimens, they showed that using such a three-grade scale for TILs quantification, they could stratify patients with respect to survival. It is well recognized that cytotoxic CD4+ , CD8+ and Foxp3+ TIL constitute the most important effector mechanisms of anti-tumour immunity. However, some studies have found CD4+ , CD8+ and Foxp3+ TIL not to be a better, more reproducible prognostic parameter. For example, in NSCLC, CD8+ TIL had ever been identified as better, poor, or no prognostic role 26, 27 . In esophageal cancer, Schumacher et al. observed CD8+ iTIL to correlate with improved survival 19 . In contrast, Zingg et al. did not find any independent associations between CD8+ TIL subsets and survival 28 . Tumours infiltrated with Foxp3+ T cells were reported to have a worse prognosis by some investigators 29, 30 , but others indicated that tumours with Foxp3+ T cells had better prognosis or non-prognosis role 16, 31 . It is true that the prognostic value of TIL subtyping continues to be debated. Therefore, whether these markers add value beyond general sTIL enumeration on H&E-stained slides has not been established. Indeed, the working group stated that outside the research setting, routine use of IHC to differentiate lymphocyte populations is not recommended 24 . In our study, associations of CD4+ , CD8+ and Foxp3+ TIL and outcome were also observed, and did not reach statistical significance. We found the density of stromal and intratumoural CD8+ TIL was significantly higher than CD4+ and Foxp3+ TIL. We speculated CD8+ T lymphocytes has the potent of cytotoxic effects in ESCC. Further studies are needed to explore the prognostic significance of different subsets of TILs in ESCC.
We have included cancer patients with all four stages (Stage I, II, II and IVa) in this study. More importantly, our study is the first report on the prognostic influence of TILs in both earlier (I+ II) and later (III-IVa) stage ESCC. Some researches have found that the prognostic significance of biomarkers may differ in patients at varing points in the disease 32, 33 . Previous researches indicated that TILs analysis is a better predictor of patient survival at earlier stages of disease. For example, Ruffini and Horne et al. observed that TILs were associated with a significant survival advantage in Stage I NSCLC 34, 35 . However, In our study, the prognostic effect was not statistically different in earlier stage ESCC (DFS P = 0.307 and OS P = 0.182), as some researchers reported in early breast cancer 14 . Therefore, the impact of TILs on I+ II stage ESCC remains to be established.
As to Stage III-IVa ESCC, sTIL (> 10%) was associated with improved DFS (P = 0.023) and OS (P = 0.005). In Stage III NSCLC, Feng and Lee at al. found that the TILs was independently associated with a favorable prognosis 36, 37 . It is generally known that the conventional factors are insufficient for understanding the biological nature of III-IVa disease. TIL, with the consideration of both tumour and host defense, may provide clinically informative prognostic biomarker. Although our findings require further validation, it supports the concept that immune modulation could be particularly beneficial in improving clinical outcome for Stage III-IVa ESCC. The patient prognosis after complete resection for Stage III-IVa ESCC remains a significant concern; the 5-year OS rates range from 10% to 30%. Our findings provided the impetus for identifying patients (low TILs) who are at high risk of recurrence and exploring novel therapeutic approaches for improving patient survival. High and low TILs ESCC may each reflect a distinct tumour cell biology that likely has markedly different susceptibility to immunotherapy. The experimental evidence supporting this notion awaits further investigation.
In summary, to our knowledge, the study is the first investigation of the prognostic role of TILs in a large series of ESCC patients. Our study showed that high sTIL is an independent, favorable prognostic factor in patients with surgically resected ESCC, especially III-IVa patients. To develop immune targeting drugs in future, more knowledge regarding the heterogeneous functions, homing, and regulatory mechanisms of TILs is needed.
Materials and Methods
Patients and sample selection. In this retrospective study, 235 unselected ESCC patients who received curative resection without preoperative chemotherapy at the Department of Thoracic Surgery, Zhongshan Hospital affiliated to Fudan University, Shanghai, China, between 2007 and 2010 were included. Clinicopathological information of patients in this survey was collected from clinical records and pathology reports. The local Ethics Committee of Zhongshan Hospital approved the protocol of this study, which was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all patients.
Tissue microarray construction. Tissue microarrays (TMA) were constructed as previously described 38 . Hematoxylin and eosin (H&E)-stained slides from tissue blocks had been reviewed for adequacy of the representative areas of interest with a high density of tumour cells. The corresponding regions were marked on archival formalin-fixed, paraffin-embedded (FFPE) tissue blocks. The representative areas (2 mm wide and 6 mm long) were extracted, with at least three cores taken from different regions of the tumour, and then vertically planted into the recipient block one by one according to the corresponding location. The planting surface was aggregated on the aggregation instrument. An array was constructed with a maximum of 70 cores and a stomach core was used as an orientation marker.
Histologic evaluation of TIL. TILs were performed in H&E-stained FFPE sections, which were examined at × 10 and × 40 magnification fields using a conventional light microscope by two pathologists.
Neither pathologist had any knowledge of the clinical information. Intratumoural infiltrating lymphocytes (iTIL) was defined as the percentage of mononuclear cells within the epithelium of the invasive tumour cell nests. Stromal infiltrating lymphocytes (sTIL) was defined as the percentage of tumour stroma containing infiltrating lymphocytes (area occupied by mononuclear cells in tumor stroma/total stromal area). Here, in our study, more than 10% of either stromal or intratumoural TIL were defined as high TIL.
Immunohistochemical analysis. Three-to 5-μ m thick ESCC tissues were consecutively cut, subsequently dewaxed and rehydrated through graded alcohols. Slides were immunohistochemically stained in Roche Ventana Benchmark XT automated slide stainer (Ventana Medical Systems, Roche, France) according to the manufacturer's instructions. Monoclonal and polyclonal anti-human antibodies were used for identification of CD4+ T cells (anti-CD4, 4B12, Dako), CD8+ T cells (anti-CD8, Ab4055, Abcam), and Foxp3+ T cells (anti-Foxp3, 236 A/ E7, Abcam). Quantitative evaluation of CD4+ , CD8+ and Foxp3+ T cells was performed in 10 most representative high-power fields (magnification 40× ) per tissue section using a Leica DM2000 microscope (Leica Co, Germany). The number of cells with positive staining was counted manually in tumor areas and stromal areas. The results were carried out blindly to the clinical data.
Statistical analysis. The associations between TIL and clinicopathologic features were analyzed using the chi-square (χ 2 ) test. Time-to-event outcomes were defined from date of initially curative resection to date of last follow-up, progression (disease free survival, DFS and disease specific overall survival, OS). Univariate analysis was based on the Cox proportional hazards regression model. A multivariate Cox forward stepwise regression model was used to detect independent predictors of survival. The survival curves were compared using Kaplan-Meier method and log-rank test.
All tests were two sided, and a P-value of less than 0.05 was considered as statistical significance. Data were analyzed using SPSS version 21.0 software (SPSS Inc., Chicago, IL, USA).
